Objectives: Little is known about whether the feeling of happiness follows the age-related decline in physical and mental functioning. The objective of this study was to analyze differences with age in physical and mental functions and in the feeling of happiness among Danes aged 45 years and older. Method: Three Danish population-based surveys including 11,307 participants aged 45C years, of whom 2411 were in the age group of 90C, were conducted in the period 1995À2001. The participation rate in the three surveys was between 63% and 82% and the same design and the same instrument were used. Self-reported mobility, a cognitive composite score, and a depression symptomatology score including a question about happiness were assessed. T-score metric was used to compare across domains and age groups. Results: Overall, successively older age groups performed worse than the youngest age group (45À49 years), and the estimated linear decline was greater after age 70 than before age 70. For example, when comparing the oldest age group (90C years) with the youngest, the T-score differences were found to be the largest for the mobility score (men: 40.2, women: 41.4), followed by the cognitive function (men: 22.0, women: 24.9), and the total depression symptomatology score (men: 15.5, women: 17.4). Conversely, the T-score difference in happiness was small (men: 5.6, women: 6.0). Conclusion: Despite markedly poorer physical and mental functions with increasing age, in this Danish sample age did not seem to affect happiness to a similarly notable extent, although, in this study, cohort and age effects cannot be disentangled.
Introduction
The first International Day of Happiness was launched in 2013 as a result of 193 United Nations member states adopting a resolution for increasing human happiness and well-being (United Nations, 2013) . The rationale for the actions leading up to this was a recognition that not only would the gross domestic product be a useful tool in future policy decisions but so would broader measures of progress. As a result, happiness was suggested to be a new measure of a society's success (Helliwell, Layard, & Sachs, 2012) .
In contrast to what one would hypothesize, and although good physical and mental functions were important for happiness (Helliwell et al., 2012 ), the curve that described age-related differences in happiness was suggested to be U-shaped among individuals above 20 years of age (Blanchflower & Oswald, 2008) . Based on a European sample, it was estimated that the minimum happiness occurred between 45 and 50 years of age for both males and females (Blanchflower & Oswald, 2008) . However, other investigators have found that the happiness curve illustrated a range of forms including flat development, an inverted U-shape, or an approximation of a U-shape, until the late 60s followed by a decline in happiness (Easterlin, 2006; Frijters & Beatton, 2012; Gerstorf et al., 2010; Wunder, Wiencierz, Schwarze, & Kuchenhoff, 2013) . In comparison, age-related differences in domains such as physical and mental functions very consistently take the form of a deteriorating curve which may well deteriorate at different speeds and even accelerate in the oldest old, but not forming a U-shaped curve (Andersen-Ranberg et al., 1999; Crimmins & Beltran-Sanchez, 2011; Frederiksen et al., 2006; McGue & Christensen, 2013; Stathokostas, Jacob-Johnson, Petrella, & Paterson, 2004) .
In a study of older adults, 60 years and older, the lower level of happiness was associated with disability, which was identified by having serious difficulty with hearing, vision, cognition, functional ability, personal care, and instrumental activities of daily living (Freedman, Stafford, Schwarz, Conrad, & Cornman, 2012) . Furthermore, in a study of 65-year-old men and women univariate relationships between happiness and disability (as measured by the World Health Organization Disability Assessment Schedule [WHO-DAS]), cognition and depression were found . However, it remains unstudied whether the age-related development of happiness tracks with cognition, depression, and functional ability in the second half of life.
In a recent twin study using a cross-sectional design, age-related differences were observed in cognition and depression symptomatology (McGue & Christensen, 2013) . However, the mobility function and happiness were not studied, and the sample size in the oldest age group was small. Thus, when comparing these domains across a large age range within the same country at the same calendar time, it is warranted to use the same instrument and to include a large numbers of oldest-old individuals. Therefore, in this study, we aimed to investigate age-related differences in self-reported mental and mobility functions and feeling of being happy among Danes aged 45 years or older.
Method
The sample consisted of the intake wave from multiple data-sets from three large Danish surveys: the Study of Middle-Aged Danish Twins (MADT), the Longitudinal Study of Aging Danish Twins (LSADT), and the Danish 1905-Cohort survey (C1905). The data collection of MADT was carried out in 1998 and comprised a large random sample of twins from the birth cohorts from 1931 through 1952 (Gaist et al., 2000; McGue & Christensen, 2013) . Out of the total eligible sample of 5280 twins, 4314 (81.7%) participated. LSADT is a population-based twin study comprising all twins aged 70 years or older at the intake data collection, which was carried out in 1995, 1997, 1999, and 2001 . In total, 4731 (72.3%) twins participated (Christensen, Holm, McGue, Corder, & Vaupel, 1999) . C1905 is a population-based study that was carried out in 1998 and included all Danes born in 1905, of whom 2262 (62.8%) participated in the study (Nybo et al., 2001) . Data were collected through in-person interview assessments of participants or proxy participants using similar standardized questionnaires and the same physical and cognitive tests in the three surveys. All surveys in this study have been planned by the same research group, by the same principal investigator, and carried out in a sequential manner with the same design and instrument. All three surveys were approved by the ethical committee system in Denmark (trial numbers MADT: S-VF-19980072; LSADT: S-VF-20040241; C1905: VF-20040240), and participants provided written informed consent. Furthermore, surveys were also registered at the Danish Data Protection Agency (journal numbers for MADT and LSADT: 2007-54-0227; C1905: 2010 .
The physical function was evaluated by the self-report of the ability to (1) walk 400 meters without resting, (2) manage stairs to the second floor, and (3) run 100 meters. For descriptive purpose, all items were dichotomized into able or unable. For comparison across ages and measures, these three items were recorded on an ordinal scale (range: 1À4 (best)), and the average of the three items was used as a general mobility score.
The cognitive function was evaluated by five brief tests: fluency (the number of animals named in 1 minute), digits forward (the number of correct responses out of a possible of 14 digits forward tasks), digits backward (the number of correct responses out of a possible of 14 digits backward tasks), immediate recall (the number of words recalled immediately out of a list of 12 words), and delayed recall (the number of recalled words from the list of 12 words after a delay of 10 minutes). These five test items were also used to compute a cognitive composite score (CCS) ) that was calculated by standardizing each single test to the mean and standard deviation (SD) of the values of the 45À49 year olds before summing them into the CCS (low score is poor performance).
Happiness was evaluated by the single-item question 'Do you feel happy and satisfied with life at present?' and the five possible answers were: (1) yes, always; (2) yes, most of the time; (3) yes, occasionally; (4) no, almost never; and (5) no, never. Answers (1) and (2) defined those who were happy and answers (3), (4), and (5) defined those who were unhappy. For comparison across measures, these answers were also analyzed using the recoded ordinal scale (range: 1À5 (best)). Single-item questions to capture happiness in study populations have been widely used and have proven able to detect age group differences Veenhoven, 2014) .
Depression was evaluated by inclusion of the modified version of the 21-item depression section of the Cambridge Mental Disorders of the Elderly (CAMDEX) (Roth et al., 1986) . It was applied as described in detail previously (Johnson, McGue, Gaist, Vaupel, & Christensen, 2002; McGue & Christensen, 1997) . Seventeen of the 21 CAMDEX depression items were used to define an overall measure of depression (range of total scale: 17À49), eight items reflected the lack of well-being and were categorized into the affective scale, and nine reflected the lack of energy and were categorized into the somatic scale (McGue & Christensen, 1997) . Higher scores on the depression scales reflect the greater levels of depression symptomatology (McGue & Christensen, 2003) .
Statistical analyses
The association between the different measurements and age was analyzed separately between genders. Age was divided into 10 age groups (45À49, 50À54, 55À59, 60À64, 65À69, 70À74, 75À79, 80À84, 85À89, 90C) and, for continuous measurements, significant differences in means were tested using one-way analysis of variance (ANOVA). For dichotomized measurements, significant differences in proportions by age groups were tested using a chi-square test. In the interest of the graphic representations, an average age within each age group was calculated and used as the x-coordinate in the figures.
To estimate difference per decade, linear regression analysis was performed for continuous variables, and binomial generalized linear regression was performed for binary variables. Both used age divided by 10 as the independent variable. The assumed linear association was graphically inspected and no major deviances were observed except for the binary variables, where a linear spline with a knot at age 70 clearly showed a better fit to the data.
To compare age-related differences across the different continuous measures with their differing means and standard deviations, the T-score (Hale & Astolfi, 2011; McGue & Christensen, 2013) was calculated for the cognitive composite score, the total depression score, the mobility score, and the ordinal happiness measure. In short, a Z-score for the result of each individual was calculated by using the mean and the standard deviation of the youngest age group, and subsequently this was standardized to a mean of 50 and a standard deviation of 10 (Hale & Astolfi, 2011), separately for the two genders. Thus, a T-score of 40 for an age group indicates that, on average, the function level is 1 SD lower than that of the standardized population mean for those aged 45À49. For these analyses, we selected only those cases with complete data in all of the measures (n D 9877).
Results

Participant characteristics
Overall, the average age was 72.9 (SD 14.8) years and there was a minimum of 494 participants in each age group (Table 1) . The 2411 participants in the 90C year age group had a range of 90À102 years, but with 95% being 92À93 years due to the inclusion of participants from the C1905 study. Participation rates were the highest for men and varied between 62% and 85% by age group (Table 1) .
Measurements by age groups
Performance in selected cognitive tests was poorer in the oldest age groups (Figure 1, panels (A)À(D) ). For example, naming animals in 1 minute decreased from an average of 24 at the ages of 45À49 to 13 at the ages above 90 and words remembered after 10 minutes dropped from 7 to only 1 word on average. Also, high scores of depression symptomatology were found with older age, but with a much smaller gradient (Figure 1 , panels (E)À(G)). In females, the total score of depression symptomatology (panel (E)) went from 19.3 through 21.5 to 25.5 in the age groups 45À49, 70À74, and 90C. Furthermore, larger differences across age groups were found in the somatic scale compared with the affective scale of the depression symptomatology score (panels (F)À(G)). Proportions of each age group being able to manage stairs, walk 400 meters without rest, and run 100 meters became smaller with older age (Figure 2 ). Being able to run 100 meters had a very pronounced decrease from 90% in the youngest age group to almost 0% in the oldest. The proportion of being happy also showed a decrease with age, but the drop was far less dramatic from around 90% in most age groups and dropping below 80% only in the 90C age group with 72% men and 75% women being happy.
With regard to gender differences in the age-adjusted analysis, males named more animals, had lower total depression symptomatology, lower affective and somatic scale score of depression symptomatology than females (all p < 0.02). Conversely, females were able to recall more words both immediately and after delay, and also had a better overall cognitive composite score (all p < 0.001). Moreover, more males than females were able to walk 400 meters without rest, manage stairs, run 100 meters, and more males than females reported being happy (all p < 0.001).
Estimation of age group differences
The estimation of age-related differences per decade (Table 2) for continuous measures showed very little gradient among those below 70 years, in particular, for the three scales of depression symptomatology, and a larger gradient among those 70 years and older. For all the binary variables, the decrease in prevalence was substantially higher among those 70 years and older compared to those below 70 years. Except for running 100 meters, the decrease in prevalence below the age of 70 was small (a decline in prevalence of around 0.01, or 1%, per decade) and except for being happy, the decrease in prevalence was high above the age of 70 (a decline in prevalence of around 0.20%, or 20%, per decade). Being happy generally showed a lower decrease in prevalence difference per decade. The differences in the regression coefficients and the prevalence differences of those below 70 years versus those 70 years and older were all highly statistically significant (all p < 0.001).
To evaluate the different magnitudes of age drops among the measures, we used the T-scores. Comparing Figure 1 . Descriptors of selected items from the cognitive composite score (panels (A)À(C)), the cognitive composite score (panel (D)), and the total score of symptoms of depression and its affective and somatic subscale scores (panels (E)À(G)) by age and gender. Data are presented as means and 95% confidence interval.
e.g. the oldest age group with the youngest age group, we found the T-score differences to be largest for the mobility score in which men in the age group of 45À49 had a T-score of 52.7, whereas men in the age group of 90C had a T-score of 12.5 (Figure 3 ). The corresponding T-scores for women were 47.2 and 5.8, respectively. This indicates a mobility function of the oldest age group that was approximately 4 SD lower than that of the youngest group. A lower function, although not so drastic, was also found in the cognitive function of the oldest age group, where differences of 2.2 SD and 2.5 SD compared with the youngest group were found for men and women, respectively. Similarly, although in the opposite direction, differences of the total depression symptomatology score for the oldest versus the youngest age group were 1.6 SD and 1.7 SD for men and women, respectively. Finally, the difference for being happy was 0.6 SD for both men and women, when comparing the oldest age group with the youngest.
Discussion
In this Danish sample with individuals aged 45 and onwards, we observed that happiness remained rather unchanged despite large age-related differences between the youngest and oldest age groups in measures of physical and mental functions.
Mental and physical functioning and happiness
The age-related differences observed in physical and mental functions were consistent with previous studies in which higher decline was also observed in the older age groups (Andersen-Ranberg et al., 1999; Crimmins & Beltran-Sanchez, 2011; McGue & Christensen, 2013) . Our findings support studies showing lower happiness in older age groups (Easterlin, 2006) and are in contrast to the finding of a U-shape (Blanchflower & Oswald, 2008) or an age-related increase in happiness observed in the literature . The differences in the findings of an association between age and happiness in the various studies may be a result of the many different measures of happiness which include e.g. single-item and multiitem instruments with various numbers of response categories as well as visual analog scales (Veenhoven, 2014) . As the feeling of happiness is related to many factors that are not exclusively individual but may be due to external factors such as societal structure and environment (Helliwell et al., 2012) , this may, in fact, be the main explanation for the smaller age-related differences in happiness in comparison with the other domains as observed in this study. Among individual factors, an explanation may be found in coping strategies and lowered expectations with age (Ebner, Freund, & Baltes, 2006; Hsu & Tung, 2010; Jopp & Rott, 2006) . Another reason for the smaller age-related differences in happiness that we observe could be due to our use of the same single-item happiness question in all age groups. It is conceivable that using a multi-item instrument with a visual analogue scale as a response option could be more sensitive to agerelated differences. However, the single-item questions applied in this study to measure functional ability were able to detect substantial age-related differences.
Strengths and limitations
A major strength of the study that we used study samples from population-based surveys retrieved from the Danish Civil Registration System (Pedersen, Gotzsche, Moller, & Mortensen, 2006) or the Danish Twin Registry (Skytthe, Kyvik, Holm, & Christensen, 2011) , hereby reducing the potential risk of selection bias compared to e.g. recruiting participants through ads in newspapers.
One of the potential study limitations, which may imply a bias, is the ranking of the Danes as the happiest population in the world (Christensen, Herskind, & Vaupel, 2006; Helliwell et al., 2012; Ott, 2011 ) despite a shorter life expectancy compared with e.g. other Scandinavian countries (Christensen et al., 2010; Jacobsen, von Euler, Osler, Lynge, & Keiding, 2004) . Moreover, Denmark had the lowest GINI coefficient, which is a measure of income inequality, among 20 countries in the Organisation for Economic Co-operation and Development (OECD) during the mid 1990s and the 2000s (OECD, 2011) . This reflects the fact that Danes live in an egalitarian society in which mutual respect and conceivably also happiness can thrive Helliwell et al., 2012; OECD, 2011) . Also, our measure of happiness was a part of the adapted version of the CAM-DEX depression score (McGue & Christensen, 1997) , which was also used to describe depression symptomatology in this study. As larger age-related differences were observed for the full depression scale than for happiness alone, this may lead to the interpretation that Danes insist on retaining their feeling of happiness as long as possible. Furthermore, in another study using the same data as ours, the percentage rating their health as better in comparison with age-peers increased from about 30% to 70% for the age group between 40C and 90C years (Andersen, Christensen, & Frederiksen, 2007) . Thus, assuming a particular Danish approach to the feeling of happiness, the results of this study may not be generalizable to other countries.
Even though we argue that selection bias is smaller in this study than in most studies, selection bias should be considered when interpreting the results of our study as non-responders to participation in the various intake interviews may be particularly unhappy. However, they might also be those with the poorest function. Furthermore, when calculating the T-score, and thereby enabling the comparison of age-related differences across outcomes, missing data primarily in cognitive decline and depression symptomatology resulted in a reduction of the analytic sample from 11,307 to 9877. Our post hoc analysis showed that the cases without complete data had poorer mobility function than those with full data. However, this is unlikely to jeopardize the overall conclusion about the age-related differences as happy people are likely to be those with better function regardless of age.
This study is a cross-sectional study and, therefore, we are not describing age changes and not able to illustrate possible cohort effects. A recent study of 90C-year-old individuals found cohort effects in cognitive function and activities of daily living with better function in later cohorts, but not for depression symptomatology and physical performance measured . The impact of a cohort effect in this study would imply that we might have overestimated age-related differences. At the same time, a study on birth cohort effects in the feeling of happiness reported generally similar levels of well-being across birth generations (Blanchflower & Oswald, 2008) .
Finally, treating twins as individuals in the data analysis for this study might be considered problematic. However, through register linkage with other Danish largescale surveys and health and social registers, it was observed that twins are generally representative of the general population in terms of health and survival after the difficult infancy period Christensen & McGue, 2012; Christensen, Vaupel, Holm, & Yashin, 1995) . Still, we acknowledge that it remains unstudied whether twins and singletons are similar in terms of happiness per se. Nevertheless, differences in well-being between twins and singletons were less than 0.05 SD and thus very small (Johnson, Krueger, Bouchard, & McGue, 2002) . Furthermore, both lower suicide risk in twins and similarity in the self-report of depression have been found in other studies comparing twins and singletons (Moilanen et al., 1999; Tomassini, Juel, Holm, Skytthe, & Christensen, 2003) .
Conclusions
In conclusion, in a sample of more than 10,000 Danes aged 45À90C, we observed that age-related differences in the feeling of happiness do not closely track well-established age-related declines in physical and mental functions. Although we are not able to separate the age and cohort effects, we suggest that the smaller age group differences observed for depression and happiness as compared to the other outcomes may be a result of an inherent adjustment for age and sex with the adaptation that respondents automatically apply when answering the question (i.e. a more relative judgment). Randomized controlled trials could be the next step to study whether help to improve or maintain particularly the mobility function could be an intervention, among many, to be used in the effort to increase happiness in the populations À as endorsed by the United Nations. 
